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The Dashui porphyry granitoids in the western Qinling Orogen are spatially associated with the Dashui gold deposit, but their ages and
tectonic setting have not been well deﬁned yet in previous studies. This paper reports the results and understandings obtained from our original
study in geochronology and isotope and element geochemistry. SHRIMP zircon U–Pb dating yielded ages of 213.7 ± 2.7Ma for granitic stock
and 215.1 ± 2.5 and 210.2 ± 1.6Ma for granitic dikes. The granitoids are characterized by high LREE but low HREE and HFSE. They have
(87Sr/86Sr)i ratios of 0.706 to 0.709 and εNd(t) values of5.3 to7.6. The majority of zircons in the Dashui granitoids have εHf(t) values ranging
from6.2 to 6.7 and TDM2(Hf) ages from 743 to 1464Ma. The isotope signatures, together with La/Y and Mg# values, show that the magmas are
mainly sourced from partial melting of a subducted slab, and possibly assimilated immature sediments during upward migration. Thus, the
Dashui granitoids most likely formed in a volcanic arc where supra-subduction zone melts assimilated lower crustal material no later than
215Ma. Copyright © 2014 John Wiley & Sons, Ltd.
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1. INTRODUCTION
The Qinling Orogen was formed by the collision of the
North China Block (NCB) and the Yangtze Block (Meng
and Zhang, 1999, 2000; Zhang et al., 2001; Ratschbacher
et al., 2003; Xiang et al., 2012; Dong et al., 2013; Qin
et al., 2013; Wang et al., 2013; Wu and Zheng, 2013; Zheng
et al., 2013). The orogen links the Dabie ultrahigh pressure
(UHP) belt in the east and the Qilian and Kunlun orogens
in the west and the tectonic history it preserves is of great
importance for constraining the evolution of the Chinese
continent (e.g., Mattauer et al., 1985). It is now generally
accepted that the Qinling Orogen consists of two sutures, the
Shang-dan Suture Zone which records a Palaeozoic collision
between the NCB and the South China Block (SCB) and
the Mian-lue Suture Zone which preserved the ﬁnal, late
Mesozoic collisional event between the NCB and the SCB
(Meng and Zhang, 1999, 2000; Sun et al., 2002a). However,
there is considerable debate about the exact timing of the ﬁnal
collision between the SCB and NCB (Sun et al., 2002a;
Jin et al., 2005; Y.J. Chen et al., 2009;Wang et al., 2011; Dong
et al., 2011, 2012; Wu and Zheng, 2013; Li et al., 2013; Mao
et al., 2013).
Studies of the late Triassic UHP metamorphic rocks in the
Dabie UHP belt have been interpreted to indicate that the
ﬁnal collision took place between 240–220Ma (e.g. Liu and
Xue, 2007; Wu and Zheng, 2013), which is consistent with
ages of ~220Ma for granitic plutons in the area (e.g. Sun
et al., 2002a, b; C.L. Zhang et al., 2008; Wang et al., 2011).
The collision is thought to have taken place according to
the ‘Scissor Suturing’ model (Fig. 1b) whereby the colli-
sional events young to the west (Zhao and Coe, 1987; Zhu
et al., 1998). However, alternative models may have produced
similar results.
Granitoids are the main component of the continental
crust and display a close relationship between their mineral-
ogical assemblages, petrogenesis, origin of the magmas, and
geodynamic settings. Consequently, well-characterized and
precisely dated granitoids can complement structural studies
and be used to investigate the geodynamic environment and
therefore be used as geodynamic tracers (Barbarin, 1999).
The Triassic granitic plutons in the west Qinling Orogen
have been intensively studied in the last decade (Fig. 1a)
(Sun et al., 2002a; Jin et al., 2005; Wang et al., 2006; Qin
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et al., 2009; Jiang et al., 2010) but the tectonic settings of the
Triassic intrusions remain controversial (Sun et al., 2002a;
Jin et al., 2005; X. Chen et al., 2009; Y.J. Chen et al., 2009;
Wang et al., 2011). The intrusions display a wide range of ages
from ~245Ma (Jin et al., 2005) to ~200Ma (C.L. Zhang et al.,
2008), with most granitoids intruding at ~220Ma. For a long
time, the Triassic intrusions were generally considered to be
syn-collisional granitoids (Sun et al., 2002a; Zhu et al., 2009),
while Lu et al. (2008) andWang et al. (2007, 2011) suggested
that the granitoids were formed in a post-collisional setting
by some granitoids with rapakivi textures. Based on charac-
teristics of the Indosinian magmas, including the petrologic
complexity, lithologic diversity, spatial zonation, and com-
positional polarity, which are not consistent with syn- or
post-collision tectonic settings, Chen (2010) and Li et al.
(2013) proposed that the granitoids were products of an
active continental margin. This proposal was supported by
detrital zircon grains from the Donghe Group in the southern
Qinling Microcontinent which yielded an age range of
340–208Ma (Mao et al., 2013) and studies on the Dahu
Au–Mo deposit in the northern Xiaoqinling terrane, Huaxiong
Block, Qinling Orogen (Li et al., 2011; Ni et al., 2012).
The Dashui (DS) porphyry granitoids, which host the
Dashui gold deposits, are located in the western part of the
Qinling Orogen to the north of the Mian-lue Suture Zone
(Fig. 1a). The age and origin of the Dashui granitoids have
not been well studied. Published K–Ar whole-rock ages range
from 190–190.5Ma for the Dashui stock and 182.6–184.7Ma
for the Dashui dikes (Zhao et al., 2003). The biotite 40Ar–39Ar
ages are 235Ma for the Dashui stock and ~223Ma for the
Figure 1. (a) Simpliﬁed tectonic framework of the Qinling Orogen, distribution of Triassic granitoids in west Qinling and the location of the Dashui gold
deposit (adapted from X. Chen et al., 2009; Y.J. Chen et al.,2009); (b) ﬁnal coalescence of the Yangtze and North China blocks, revealed by geomagnetic
data (after Zhu et al., 1998) Abbreviations: NCB=North China Block; SCB=South China Block; Q =Qinling Orogen; SG=Songpan-Ganzi terrane. This ﬁgure
is available in colour online at wileyonlinelibrary.com/journal/gj
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Dashui dikes (Liu et al., 2003). The discrepancy in these ages
likely reﬂects resetting during metamorphic events and cannot
be considered as reliable emplacement ages (e.g. Kelley,
2002). In this paper, we present in situ zircon U–Pb, Lu–Hf
isotopes, whole-rock major and trace elements and Sr–Nd
isotope data of the Dashui porphyry granitoids. The dataset
enables us to determine the emplacement age of the Dashui
porphyry granitoids and their tectonic setting.
2. GEOLOGICAL BACKGROUND
2.1. Regional geology
The Qinling Orogen can be divided into three zones, from
north to south: the North Qinling Belt, the South Qinling
Belt, and the northern South China Block (Meng and Zhang,
1999, 2000) which are separated by the Shang-dan and
Mian-lue suture zones, respectively. The South Qinling Belt
can be further divided into eastern (east Qinling) and western
(west Qinling) segments, with the Baoji-Chengdu railway
being the boundary between the two (Zhang et al., 2007;
Zheng et al., 2010; Ping et al., 2013). The Shang-dan Suture
is interpreted to preserve the Palaeozoic collision between
the North Qinling Belt and South Qinling Belt, whereas
the Mian-lue Suture preserves the Late Triassic collision
between the South Qinling Belt and northern South China
Block and the ﬁnal amalgamation of the NCB and the SCB
(Meng and Zhang, 1999, 2000).
The tectonic evolution of the Qinling Orogen represents
a prolonged and complex interaction between the above-
mentioned three blocks. The North Qinling Belt was separated
by the proto-Tethyan Qinling ocean between the Late Protero-
zoic and early Palaeozoic time and closed in the Devonian,
whereas the South Qinling Orogen was separated from the
South China Block as a result of rifting developed at the south-
ern boundary of South Qinling and the formation of the
palaeo-Tethyan Qinling Ocean (Meng and Zhang, 1999,
2000). In the late Triassic, the Mian-lue Suture formed as a
result of the closure of the palaeo-Tethyan Qinling Ocean,
synchronous with the emplacement of Triassic granitoids in
the South Qinling Orogen (Meng and Zhang, 2000; Sun
et al., 2002a; Zheng et al., 2010).
2.2. Triassic granitoids along the Qinling Orogenic Belt
Triassic granitoids were mainly emplaced in the western part
of the South Qinling Orogen with lesser amounts in the
North Qinling Orogen (Fig. 1a) and are correlated with the
amalgamation of the South Qinling Belt and northern South
China Block (Meng and Zhang, 2000; Sun et al., 2002a;
Zheng et al., 2010). The tectonic settings of these Triassic
granitoids remain controversial and they have been interpreted
both as syn- and post-collisional (e.g. Sun et al., 2002a; Jin
et al., 2005; Wang et al., 2007; C.L. Zhang et al., 2008;
Zhu et al., 2009; Chen, 2010; Wang et al., 2011).
The so-called syn-collisional Triassic granitoids comprise
the Zhangjiaba, Miba, Xinyuan, Guangtoushan, Jiangjiaping,
Dongjiangkou, Yanzhiba, Yeliguan, Xiahe, Mishuling intru-
sions which formed between 245 and 205Ma (Sun et al.,
2002a; Li et al., 2004; Jin et al., 2005; Jiang et al., 2010).
These intrusions are mainly calc-alkaline, metaluminous to
peraluminous and are generally characterized by high Sr,
Sr/Y, La/Yb and low Y, Yb, similar to the compositions of
adakites, and are used to constrain the Triassic syn-collisional
evolution of the Qinling Orogen (Sun et al., 2002a; Li et al.,
2004; Jin et al., 2005; Jiang et al., 2010).
Meanwhile, studies of the so-called post-collisional gran-
itoids mainly focused on the Shahewan, Caoping, Zhashui,
Qinlingliang, Laojunshan intrusions which formed between
224 and 209Ma (Zhang et al., 1999; Wang et al., 2007;
Gong et al., 2009; Wang et al., 2011). These granitoids were
interpreted to have formed in an extensional setting following
the collision between the South China Block and North China
Block and are used to constrain the evolution history immedi-
ately after the collisional process of the Qinling Orogen
(Zhang et al., 1999; Wang et al., 2007; Gong et al., 2009;
Wang et al., 2011).
However, these Triassic granitoids were recently interpreted
to have formed in an active continental margin, rather than
in syn-collisional or post-collisional settings (Chen, 2010;
Li et al., 2013).
2.3. Geology of the Dashui granitoids
The Dashui porphyry granitoids were emplaced in the western
part of the Qinling Orogen to the north of the Mian-lue Suture
Zone at ca. 174–235Ma (Fig. 2a) (Du, 1997; Yan, 1998; Zhao
et al., 2003) and consist of the Dashui stock and dikes and
(Figs. 2b, 3a, 3b). The Dashui stock, with an exposed surface
area of about 1.3 km2, was emplaced into Triassic strata north
of the Dashui gold deposit, whereas the dikes mainly occur in
the Dashui mining district (Fig. 2b). The stock has a porphy-
ritic texture, massive structure and phenocrysts of plagioclase
(~15%), augite (~5%), biotite (~7%), hornblende (~5%), and
quartz (~20%) (Fig. 3c, d). The matrix is compositionally
similar to the phenocrysts but contains >60% quartz.
The Dashui dikes occur at a variety of scales (from several
metres in length and breadth to ~500m long and ~100m
wide), mainly in the Dashui gold mining district (Fig. 2b).
Intrusive contacts are sharp, locally exhibit chilled margins
and most of the dikes are spatially associated with gold
mineralization (Fig. 2b). The dikes display ﬁne- to medium-
grained hypidiomorphic and porphyritic textures and are inten-
sively altered (Fig. 3b, d), with siliciﬁcation, hematitization,
decarbonation, potassic feldspathization and argillitic alteration.
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3. SAMPLING AND ANALYTICAL METHODS
Several granitoid samples were collected from surface expo-
sures of the stocks and dikes, with the sample locations for
zircon U–Pb dating shown in Figure 2b.
3.1. SHRIMP zircon U–Pb dating
Zircon grains were separated using conventional heavy
liquid and magnetic techniques. Representative zircon grains
were handpicked and mounted in epoxy resin discs, then
Figure 2. (a) Regional geology and the tectonic framework of the Dashui porphyry granitoids (adapted from Lü et al., 1999); (b) schematic geologic map of the
Dashui gold deposit (after the Gansu Bureau of Geology). This ﬁgure is available in colour online at wileyonlinelibrary.com/journal/gj
Figure 3. (a) Porphyritic granitoid from the Dashui Stock; (b) porphyritic granitoid from the dikes; (c, d) photomicrographs of the Dashui Stock granitoids
(abbreviations: Aug = augite; Bt = biotite; Ep = epidote; Hbl = hornblende; Pl = plagioclase; Qtz = quartz). This ﬁgure is available in colour online at
wileyonlinelibrary.com/journal/gj
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polished and coated with pure gold for subsequent
cathodoluminescence (CL) (Fig. 4) observation and SHRIMP
analysis. Zircon U–Pb dating for all samples was performed
using SHRIMP II at the John de Laeter Center for Isotope
Research at Curtin University in Western Australia. The
operating conditions and data acquisition procedures follow
Stern et al. (2009). The BR266 and TEMORA standard
zircons were mounted with the unknown samples to
calibrate U–Pb isotopic discrimination and the precision
and stability of the equipment during analysis. The
measured 204Pb was used for common Pb correction. The
data were compiled using ISOPLOT 3.0 (Ludwig, 2003)
and Squid 1.0 programs. Individual analyses are reported
with 2σ uncertainties. Weighted averages of the ages are
reported at the 95% conﬁdence level.
3.2. Trace elements in zircon
Twenty zircon grains for each of the samples (DS52, DS20,
DS05) were dated by LA-ICP-MS at the State Key Laboratory
of isotope geochemistry, Guangzhou Institute of Geochemistry,
Chinese Academy of Sciences. LA-ICP-MS zircon analyses
were conducted on an Agilent 7500a ICP-MS equipped with
a 193-nm laser. During analysis, the spot diameter was
31μm. Raw count rates for 29Si, 204Pb, 206Pb, 207Pb, 208Pb,
232Th and 238U were collected for age determination. U, Th
and Pb concentrations were calibrated by using 29Si as the
internal calibrant and NIST 610 as the reference material.
The 207Pb/206Pb and 206Pb/238U ratios were calculated using
the GLITTER program, which was corrected using the
Temora (417Ma) as external standard. Detailed analytical
procedures are described by Yuan et al. (2003). The data were
handled using ICP-MS DATA Cal 7.2. Age calculations
and plotting of concordia diagrams was undertaken using
ISOPLOT 3.0 (Ludwig, 2003). Errors quoted in tables and
ﬁgures are at the 1σ levels.
3.3. Zircon Lu–Hf isotope analysis
In situ zircon Lu–Hf isotopic measurements were undertaken
using the Nu plasma high resolution. (HR)Multi-Collector
(MC)-ICP-MS, equipped with a Geolas 193 nm ArF Excimer
laser in selected dated zircon grains at Guangzhou Institute of
Geochemistry, Chinese Academy of Sciences. A laser repeti-
tion rate of 10Hz at 100mJ was used and spot sizes were
32μm. Raw count rates for 172Yb, 173Yb, 175Lu, 176(Hf +Yb+
Lu), 177Hf, 178Hf, 179Hf, 180Hf and 182W were collected and
isobaric interference corrections for 176Lu and 176Yb on
176Hf were precisely determined. 176Lu was calibrated using
the 175Lu value and the correction was made to 176Hf. The zir-
con standards adopted during experimentation were Penglai
whose 176Hf/177Hf was 0.082906 ± 50. Full details of analyt-
ical methods are provided in Wu et al. (2007).
3.4. Whole-rock major and trace elements
Whole-rock chemistry was determined at theMineral Division
of ALS Laboratory Group by XRF on fused glass beads for
major elements. For trace element analyses, about 50mg of
powder for each sample was added to lithium metaborate ﬂux,
mixed well and fused in a furnace at 1000 °C. The resulting
melt was then cooled and dissolved in 100ml of 4% HNO3
solution. Trace element concentrations were determined using
inductively coupled plasma mass spectrometry (ICP-MS) at
the Mineral Division of ALS Laboratory Group.
Figure 4. Cathodoluminescence (CL) images of representative zircons from samples of DS52, DS20, DS05. (a) CL images of zircons in DS52; (b) CL images
of zircons in DS20; (c) CL images of zircons in DS05. This ﬁgure is available in colour online at wileyonlinelibrary.com/journal/gj
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Figure 5. SHRIMP U–Pb zircon concordia diagrams for samples of DS52, DS20, DS05. Ellipse dimensions are 1σ. This ﬁgure is available in colour online at
wileyonlinelibrary.com/journal/gj
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3.5. Whole-rock Sr–Nd isotopes
One hundred milligrammes of powder was dissolved in
Teﬂon beakers with a HF +HClO4 mixture acid, and Sr
and Nd were then separated and puriﬁed by conventional
cation-exchange techniques. The isotope compositions of
puriﬁed Sr and Nd solutions were measured using a Finnigan
Triton TI thermal ionization mass spectrometer (TIMS) at
Yichang Institute of Geology andMineral Resources, Chinese
Academy of Geological Sciences. 87Sr/86Sr and 143Nd/144Nd
ratios are reported as measured and normalized to 87Sr/88Sr
of 0.1194 and 146Nd/144Nd of 0.7219, respectively. During
the analysis, measurements for the GBW04419 standard
yielded 143Nd/144Nd of 0.512725± 0.000007 (2σ), and the
NBS-987 Sr standard yielded 87Sr/86Sr of 0.71034± 0.00026
(2σ). Total analytical blanks were 2 × 1010 g for Sm and Nd
and <5× 109 g for Rb and Sr.
4. RESULTS
4.1. SHRIMP zircon U–Pb ages
The results of SHRIMP U-Pb zircon analyses for the Dashui
granitoids are listed in Table 1. The majority of zircon
Table 1. SHRIMP zircon U–Pb for DS05, DS20, DS52
Analysis U (ppm) Th (ppm) Th/U 207Pb/206Pb ±σ 207Pb/235U ±σ 206Pb/238U ±σ 206Pb/238U (age/Ma) ±1σ
Sample DS-5
05-2 716 65 0.09 0.0513 1.9 0.2351 2.5 0.0337 1.3 213.9 2.8
05-3 933 252 0.27 0.0519 1.6 0.2296 2.2 0.0333 1.3 211.5 2.7
05-4 919 305 0.33 0.0550 1.6 0.2367 2.8 0.0327 1.3 207.4 2.7
05-5 477 111 0.23 0.0515 2.3 0.2261 3.6 0.0328 1.4 208.3 2.8
05-6 694 166 0.24 0.0509 2.0 0.2251 4.8 0.0329 1.4 208.8 2.9
05-7 435 282 0.65 0.0501 2.6 0.2273 2.9 0.0329 1.4 208.5 2.8
05-8 458 119 0.26 0.0503 2.5 0.2450 2.7 0.0336 1.4 212.9 2.8
05-9 811 120 0.15 0.0501 1.8 0.2272 2.2 0.0329 1.3 208.4 2.7
05-11 1019 159 0.16 0.0682 1.4 0.2520 4.5 0.0325 1.4 206.4 2.9
05-12 818 236 0.29 0.0498 1.8 0.2410 3.3 0.0333 1.3 210.9 2.7
05-14 492 243 0.49 0.0501 2.4 0.2127 4.0 0.0330 1.4 209.3 2.8
05-15 879 245 0.28 0.0503 1.7 0.2300 2.3 0.0328 1.3 208.3 2.7
05-16 1354 71 0.05 0.0556 1.3 0.2365 3.5 0.0341 1.3 216.0 2.8
Sample DS-20
20-1 929 264 0.28 0.0521 1.7 0.2509 2.7 0.0344 1.9 218.3 4.0
20-2 479 50 0.10 0.0507 2.3 0.2401 3.0 0.0344 1.9 217.9 4.0
20-3 517 63 0.12 0.0506 2.4 0.2378 3.5 0.0336 2.4 212.9 5.1
20-4 681 108 0.16 0.0514 1.9 0.2332 3.2 0.0338 2.2 214.2 4.6
20-5 623 79 0.13 0.0502 2.0 0.2249 4.3 0.0337 3.2 213.5 6.8
20-6 442 69 0.16 0.0501 2.3 0.2483 4.3 0.0335 1.9 212.3 4.0
20-7 697 91 0.13 0.0517 1.8 0.2539 3.0 0.0346 1.9 219.1 4.1
20-8 441 58 0.13 0.0520 2.2 0.2507 3.6 0.0338 1.9 214.2 4.0
20-9 235 50 0.21 0.0506 3.1 0.2194 4.3 0.0336 2.4 212.8 5.1
20-10 388 46 0.12 0.0505 2.4 0.2220 3.8 0.0336 1.9 212.9 4.0
20-11 739 80 0.11 0.0503 1.7 0.2329 2.6 0.0342 1.9 216.8 4.0
20-12 613 99 0.16 0.0505 2.1 0.2452 2.9 0.0347 1.9 219.8 4.0
20-13 1075 145 0.14 0.0547 1.4 0.2432 2.7 0.0329 2.1 208.8 4.3
Sample DS-52
52-1 242 73 0.30 0.0513 3.1 0.2406 3.6 0.0340 1.9 215.7 4.1
52-2 399 275 0.69 0.0520 2.3 0.2457 3.0 0.0343 1.9 217.3 4.0
52-3 269 134 0.50 0.0497 2.9 0.2188 5.1 0.0338 2.0 214.5 4.2
52-4 451 225 0.50 0.0511 2.4 0.2358 3.5 0.0345 1.9 218.6 4.1
52-5 251 156 0.62 0.0609 3.5 0.2133 14.0 0.0341 2.8 216.1 5.9
52-6 340 207 0.61 0.0531 2.8 0.2477 3.5 0.0339 2.1 214.6 4.5
52-7 204 117 0.57 0.0522 3.7 0.1950 9.3 0.0328 2.1 207.8 4.3
52-8 299 218 0.73 0.0500 3.0 0.2316 3.6 0.0336 1.9 212.8 4.1
52-9 214 121 0.56 0.0514 3.7 0.2251 5.4 0.0335 2.5 212.5 5.1
52-10 208 107 0.52 0.0516 3.7 0.2371 4.3 0.0334 2.2 211.6 4.6
52-11 247 137 0.55 0.0505 3.4 0.2202 5.7 0.0337 2.5 213.7 5.2
52-12 347 234 0.67 0.0535 2.7 0.2430 3.4 0.0330 2.1 209.0 4.3
52-13 585 493 0.84 0.0513 2.2 0.2292 3.5 0.0335 2.3 212.4 4.7
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crystals from the Dashui stock (sample DS52) are colourless
or light brown, transparent, and generally euhedral, with
lengths ranging from 100 to 200μm and length/width ratios
from 2:1 to 6:1. The CL images show well-developed
oscillatory zoning (Fig. 4a), with Th/U ratios ranging from
0.30–0.84, consistent with a magmatic origin. Thirteen spots
were analysed on zircons from sample DS52 (Table 1) and plot-
ted on the concordia curve (Fig. 5c). They deﬁned an isochron
age of 213.7 ± 2.7Ma with MSWD=0.56 and a weighted
mean 206Pb/238U age of 213.4 ± 5.5Ma with MSWD=0.11.
Zircon crystals from Dashui dikes (samples DS20 and
DS05) are similar in appearance to those from the Dashui
stock. Most of them are euhedral and elongate with lengths
ranging from 80 to 220μm and length/width ratios from
2.5:1 to 8:1. The grains commonly show oscillatory zoning
and lack inherited cores (Fig. 4b, c). Th/U ratios range from
0.05–0.65, suggesting a magmatic origin. Thirteen spots on
sample DS20 and 17 spots on DS05 were measured and
the majority plot on the concordia curve (Fig. 5a, b). Three
spots in DS05 were rejected for low concordance. Sample
DS20 yielded an isochron age of 215.1 ± 2.5Ma with
MSWD=0.65 and a 206Pb/238U weighted mean age of
215.1±5.1Ma with MSWD=0.13, whereas sample DS05
yielded an isochron age of 210.2±1.6Ma with MSWD=0.98
and a 206Pb/238U weighted mean age of 209.9 ± 3.2Ma with
MSWD=0.21.
4.2. Zircon Hf isotopic compositions
The εHf(t) values were calculated using the U–Pb age of
215Ma with the analytical results listed in Table 2 and
illustrated in Figure 6. Ten in situ Hf isotope analyses
were determined on zircons from the stock (sample
Table 2. Hf isotopic data of zircons from the Dashui porphyry granitoids
Spot 176Yb/177Hf 1σ 176Lu/177Hf 1σ 176Hf/177Hf 1σ t(Ma) εHf(0) εHf(t) TDM1 fLu/Hf TDM2
DS05-03 0.152363 0.004276 0.002597 0.000079 0.283126 0.000026 219.0 12.52 16.96 185 0.92 174
DS05-08 0.116054 0.000623 0.002013 0.000014 0.282736 0.000012 225.7 1.27 3.38 751 0.94 937
DS05-14 0.04809 0.000748 0.000844 0.000011 0.282611 0.000012 217.7 5.69 1.03 904 0.97 1175
DS05-16 0.018804 0.000871 0.000321 0.000015 0.282496 0.000016 216.5 9.76 5.05 1050 0.99 1397
DS05-18 0.057662 0.000581 0.001000 0.000012 0.282218 0.000034 208.7 19.59 15.15 1458 0.97 1946
DS20-01 0.122251 0.001955 0.002124 0.000036 0.282837 0.000013 214.3 2.30 6.71 606 0.94 743
DS20-02 0.053397 0.000367 0.000947 0.000007 0.282605 0.000016 215.6 5.91 1.31 915 0.97 1189
DS20-06 0.089978 0.001996 0.001539 0.000031 0.28274 0.000014 218.7 1.13 3.45 736 0.95 928
DS20-08 0.078118 0.000491 0.001333 0.000011 0.282671 0.000013 222.9 3.57 1.13 830 0.96 1060
DS20-16 0.065638 0.000938 0.001103 0.000011 0.282744 0.000021 220.1 0.99 3.69 722 0.97 916
DS52-05 0.063509 0.0008 0.001192 0.000012 0.28268 0.00002 210.7 3.25 1.21 814 0.96 1046
DS52-09 0.043021 0.001037 0.000838 0.000019 0.282537 0.000017 216.0 8.31 3.69 1007 -0.97 1321
DS52-11 0.041083 0.00065 0.000796 0.000009 0.282531 0.000016 210.7 8.52 4.01 1014 0.98 1334
DS52-12 0.049165 0.000319 0.000923 0.000006 0.282608 0.000015 204.7 5.80 1.43 910 0.97 1187
DS52-13 0.038273 0.000194 0.000783 0.000005 0.282462 0.000018 221.9 10.96 6.21 1110 0.98 1464
DS52-14 0.058012 0.000315 0.001119 0.000005 0.282610 0.00002 210.7 5.73 1.26 912 0.97 1182
DS52-16 0.059801 0.000352 0.001113 0.000005 0.282581 0.000025 213.5 6.75 2.22 952 0.97 1238
DS52-18 0.053789 0.000231 0.001004 0.000005 0.282578 0.000022 224.6 6.86 2.08 954 0.97 1239
DS52-19 0.052432 0.000791 0.000992 0.000011 0.282589 0.000021 221.2 6.47 1.76 938 0.97 1218
DS52-20 0.061037 0.000342 0.001128 0.000002 0.2826 0.000025 231.3 6.08 1.18 926 0.97 1194
Note: εHf(0) = 10 000*[(
176Hf/177Hf)S/(
176Hf/177Hf)CHUR,0 1], fLu/Hf = (176Lu/177Hf)s/(176Lu/177Hf)CHUR 1. εHf(t) = 10 000*{[(176Hf/177Hf)S–(176Lu/177Hf)
s*(eλt 1)]/[ (176Hf/177Hf)CHUR,0 (176Lu/177Hf)CHUR*(eλt 1)] 1}. TDM1 is one-stage Hf model age, calculated as TDM1 = 1/λ*ln{1 + [(176Hf/177Hf)S (176
Hf/177Hf)DM]/[(
176Lu/177Hf)s (176Lu/177Hf)DM]}. TDM2 is two-stage Hf model age, calculated as TDM2 =TDM1 [(TDM1 t)*(fcc fs)/(fcc fDM)], where
λ = 1.867*1011 year1 (Soderlund et al., 2004); (176Lu/177Hf)s and (176Hf/177Hf)s are the measured values of samples; (176Lu/177Hf)CHUR = 0.0332 and
(176Hf/177Hf)CHUR,0 = 0.282772 (Blichert-Toft and Albarede, 1997); (
176Lu/177Hf)DM= 0.0384 and (
176Hf/177Hf)DM= 0.28325 (Grifﬁn et al., 2000);
(176Lu/177Hf)mean crust = 0.0115 (Wang et al., 2009); fcc = [(176Lu/177Hf)mean crust/(176Lu/177Hf)CHUR]-1; fs = fLu/Hf; fDM= [(
176Lu/177Hf)DM/(
176Lu/177Hf)
CHUR] 1; t = crystallization time of zircon.
Figure 6. Zircon Hf isotopic compositions of the Dashui porphyry granit-
oids in the Dashui gold deposit and the Gsyn and Gpost. Data for the Gsyn
and Gpost are after Han et al. (2007), Bao et al. (2009), Dai et al. (2009),
Meng (2010), Zhou (2010), and Zhang et al. (2012). This ﬁgure is available
in colour online at wileyonlinelibrary.com/journal/gj
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DS52). The 176Hf/177Hf ratios vary from 0.282462 to
0.282680. The ten grains from DS52 have εHf(t) values
of 6.2 to 1.2 and two-stage Hf model ages of 1046 to
1397Ma. Five in situ Hf isotope analyses were
determined on zircons from dike samples DS20 and
DS05. The 176Hf/177Hf ratios vary from 0.282605 to
0.282837 for DS20 and from 0.282218 to 0.282736 for
DS05. Zircons from porphyry granitoids with a 206Pb/238U
Table 3. Major and trace element compositions for the Dashui porphyry granitoids
Sample DS40 DS42 DS44 DS47 DS49 DS52 DS05 DS20 DS34 DS560 DS570 DS571 DS60
Dashui stock Dashui dikes
SiO2 63.80 62.55 58.78 63.00 61.00 60.09 59.46 63.96 73.95 71.16 58.83 54.73 78.73
TiO2 0.55 0.55 0.70 0.54 0.51 0.61 0.53 0.82 0.47 0.57 0.56 0.54 0.52
Al2O3 16.18 16.29 15.55 16.47 15.90 16.18 15.31 20.57 15.55 15.83 14.34 14.27 13.58
Fe2O3 3.48 3.52 5.14 3.70 3.47 5.00 2.46 3.66 1.46 3.30 3.82 3.78 0.99
MnO 0.05 0.05 0.09 0.06 0.07 0.09 0.05 0.02 0.01 0.01 0.03 0.03 0.01
MgO 2.34 2.48 3.80 3.04 2.51 3.40 1.76 0.13 0.10 0.12 0.14 0.24 0.09
CaO 3.59 3.91 5.17 3.86 3.50 4.24 5.26 0.43 0.77 0.54 8.77 11.08 0.29
Na2O 2.63 2.71 2.42 2.62 2.46 3.04 0.65 0.11 0.12 0.12 0.11 0.11 0.11
K2O 4.12 4.22 4.43 3.93 4.08 4.44 3.71 0.04 0.05 0.04 0.06 0.09 0.04
P2O5 0.18 0.18 0.26 0.18 0.17 0.29 0.18 0.27 0.18 0.25 0.21 0.22 0.17
LOI 2.37 3.09 3.33 2.53 5.09 2.34 10.65 8.81 6.75 7.63 12.85 14.75 5.47
Total 99.54 99.79 99.96 100.15 99.71 99.99 100.15 98.85 99.44 99.62 99.75 99.88 100.05
ACNK 1.56 1.50 1.29 1.58 1.58 1.38 1.59 35.47 16.54 22.61 1.60 1.27 30.86
Mg# 57.35 58.49 59.65 62.17 59.13 57.63 58.86 6.63 12.05 6.78 6.83 11.27 15.38
V 57.00 57.00 108.00 69.00 61.00 78.00 62.00 114.00 78.00 80.00 73.00 77.00 60.00
Cr 60.00 60.00 130.00 70.00 70.00 90.00 70.00 130.00 50.00 140.00 120.00 130.00 50.00
Co 7.00 6.30 12.30 7.70 7.20 9.20 6.40 16.60 1.60 5.30 9.50 10.10 3.70
Ni <5.00 <5.00 9.00 5.00 6.00 <5.00 <5.00 16.00 <5.00 8.00 7.00 10.00 <5.00
Cu <5.00 <5.00 6.00 <5.00 <5.00 <5.00 <5.00 7.00 <5.00 9.00 6.00 6.00 <5.00
Zn 81.00 78.00 77.00 81.00 85.00 77.00 78.00 66.00 20.00 77.00 72.00 114.00 41.00
Ga 20.70 20.80 18.50 21.40 20.90 18.70 20.70 25.00 20.60 20.70 17.70 18.10 17.20
Ge 7.00 6.30 12.30 7.70 7.20 9.20 6.40 16.60 1.60 5.30 9.50 10.10 3.70
Rb 169.00 168.00 174.00 162.00 172.50 162.50 166.50 1.50 2.10 1.80 2.90 4.50 1.50
Sr 545.00 532.00 835.00 594.00 703.00 810.00 134.00 41.30 23.30 95.10 62.00 56.80 51.70
Y 9.80 9.50 19.30 11.10 11.40 18.60 10.10 9.80 7.60 11.20 12.00 11.50 6.40
Zr 140.00 136.00 197.00 142.00 143.00 175.00 129.00 164.00 108.00 142.00 126.00 131.00 121.00
Nb 9.20 9.50 13.80 9.70 9.90 12.10 9.50 13.60 7.50 9.60 9.00 8.60 8.30
Cs 12.05 12.40 5.79 11.20 12.10 7.73 16.15 0.65 1.54 0.58 1.09 1.44 0.88
Ba 1265.00 1225.00 1420.00 1195.00 1320.00 1335.00 1010.00 62.50 54.60 171.50 91.00 57.60 301.00
La 30.90 30.70 46.30 30.90 33.30 45.60 25.80 45.50 22.40 36.80 32.40 32.80 25.30
Ce 57.70 56.50 84.70 58.00 61.70 84.60 47.10 81.50 44.60 74.00 59.90 63.60 49.40
Pr 6.68 6.47 9.61 6.80 7.04 9.68 5.46 8.74 5.28 8.48 7.24 7.17 5.75
Nd 23.80 22.80 33.30 24.30 25.80 34.70 21.80 32.80 19.10 30.60 26.10 25.90 20.60
Sm 4.39 4.11 6.01 4.62 4.66 6.35 4.06 5.48 3.50 5.96 5.12 4.76 3.88
Eu 1.08 1.11 1.49 1.15 1.13 1.55 0.93 1.17 0.47 1.09 1.22 1.16 0.83
Gd 3.67 3.80 5.48 3.88 4.16 5.53 3.55 4.58 2.78 4.76 4.30 4.19 3.24
Tb 0.45 0.45 0.73 0.50 0.50 0.75 0.42 0.49 0.34 0.60 0.54 0.54 0.36
Dy 1.99 1.90 3.61 2.29 2.21 3.55 2.15 2.15 1.56 2.46 2.42 2.33 1.57
Ho 0.35 0.34 0.71 0.41 0.39 0.65 0.36 0.35 0.27 0.42 0.43 0.42 0.25
Er 0.95 1.00 2.07 1.14 1.13 1.96 1.08 1.06 0.79 1.17 1.22 1.16 0.65
Tm 0.13 0.14 0.30 0.16 0.15 0.27 0.13 0.12 0.10 0.14 0.16 0.15 0.08
Yb 0.78 0.83 1.90 1.00 0.90 1.69 0.95 0.90 0.69 0.98 1.04 0.95 0.50
Lu 0.12 0.12 0.29 0.13 0.13 0.25 0.13 0.12 0.09 0.14 0.15 0.15 0.07
Hf 3.80 3.90 5.30 3.90 4.00 4.70 3.90 5.20 3.20 4.10 3.50 3.60 3.50
Ta 0.70 0.70 1.10 0.80 0.80 0.90 0.80 1.00 0.60 0.80 0.70 0.70 0.70
Pb 32.00 31.00 27.00 42.00 41.00 32.00 35.00 25.00 21.00 56.00 28.00 97.00 83.00
Th 11.75 12.05 19.85 12.05 12.00 16.85 10.70 15.30 9.57 13.35 11.05 10.95 9.93
U 3.36 2.87 4.71 3.86 3.59 3.78 3.27 5.06 2.76 3.66 2.67 3.12 4.04
(La/Yb)N 26.71 24.94 16.43 20.83 24.95 18.19 18.31 34.08 21.89 25.32 21.00 23.28 34.11
(La/Sm)N 4.43 4.70 4.85 4.21 4.50 4.52 4.00 5.22 4.03 3.88 3.98 4.33 4.10
Eu/Eu* 0.82 0.85 0.79 0.82 0.78 0.79 0.74 0.71 0.46 0.62 0.79 0.79 0.71
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age of ~215Ma exhibit a wide range of Hf isotopic composi-
tions. Five grains fromDS20 have εHf(t) values of1.3 to 6.7
and two-stage Hf model ages of 743 to 1189Ma. Three grains
fromDS05 have εHf(t) values of5.0 to 3.4 and two-stage Hf
model ages of 937 to 1397Ma. Two grains were too thin to
give adequate values.
4.3. Whole-rock major, trace, and Sr–Nd isotopic
compositions
The stock samples have SiO2 contents ranging from 58.78 to
63.80wt% (Table 3). The samples lie on the boundary between
monzodiorite, granodiorite, and diorite on the alkalis-silica
diagram (Middlemost, 1994; Fig. 7a). The samples have K2O
contents of 2.42 to 3.04wt% with K2O/Na2O ratios of 1.46
to 1.83. On a plot of molar Al2O3/(K2O+Na2O) vs Al2O3/
(CaO+K2O+Na2O) (Fig. 7b), the samples are mainly
peraluminous. They have 2.34 to 3.80wt%MgO contents with
Mg# [Mg# =Mg/(Mg + Fe) × 100] ranging from 57 to 62,
higher than typical crustal-derived felsic magmas. The
samples are enriched in light rare earth elements (LREE)
with ﬂat HREE and no signiﬁcant negative Eu anomalies
(Fig. 8a). The Dashui stock displays notable depletions in
high ﬁeld strength elements (HFSE), and negative Nb
anomalies (Fig. 8b).
The major elements of the dikes differ signiﬁcantly from
the stock (Table 3). The SiO2 contents of the dikes range
from 54.73 to 78.73wt%. They have MgO contents of
Figure 7. (a) (K2O+Na2O) vs SiO2 for the Dashui granitoids and the Gsyn and Gpost; (b) ANK vs ACNK diagrams for the Dashui granitoids and the Gsyn
and Gpost (data for the Gsyn and Gpost are after Han et al., 2007; Bao et al., 2009; Dai et al., 2009; Meng, 2010; Zhou, 2010; Zhang et al., 2012). This ﬁgure is
available in colour online at wileyonlinelibrary.com/journal/gj
Figure 8. (a) Chondrite-normalized REE patterns for the Dashui porphyry granitoids and the Gsyn and Gpost; (b) primitive mantle (PM) normalized trace element patterns
for theDashui porphyry granitoids and theGsyn andGpost (data for theGsyn andGpost are afterHan et al., 2007; Bao et al., 2009;Dai et al., 2009;Meng, 2010; Zhou, 2010;
Zhang et al., 2012). Chondrite values and PM values are after Sun and McDonough (1989). This ﬁgure is available in colour online at wileyonlinelibrary.com/journal/gj
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0.09 to 1.76wt% with Mg# [Mg# =Mg/(Mg +Fe) × 100]
ranging from 6 to 59. The chondrite-normalized REE
patterns for the dikes are similar to those of the stock, with
enrichment of LREE, ﬂat HREE and no signiﬁcant negative
Eu anomalies (Fig. 8a). Notable depletion in high ﬁeld
strength elements (HFSE) and negative Nb anomalies can
also be observed in the primitive mantle-normalized trace
element patterns for the dikes, which are similar to those
of the stock (Fig. 8b). However, some differences do exist
for the large ion lithophile elements (LILE) (Fig. 8b).
Whole-rock Sr and Nd isotopic compositions are presented
in Table 4. The stock samples have isotopic compositions
similar to the samples from the Dashui dikes (Table 4). They
have initial 87Sr/86Sr ratios of 0.706 to 0.709, relatively
uniform 147Sm/144Nd (0.1019–0.1148; fSm/Nd 0.42 to
-0.48) and 143Nd/144Nd (0.512126–0.512242). All the samples
have εNd(t) values of 5.3 to 7.6 calculated at t=~215Ma.
The granitoids yield depleted mantle model ages of 1308 to
1551Ma.
5. DISCUSSION
From ﬁeld observations, the dikes are intensively altered and
this causes the major elements of the Dashui dikes to differ
signiﬁcantly from the Dashui stock. The degree of alteration
is evident in the differences in major elements between the
stock and dikes.
5.1. Alteration
Hydrothermal alterations have affected nearly all of the
Dashui dike samples analysed (Fig. 3). Generally, high ﬁeld
strength elements such as Zr, Ti, Nb, and Y remain immo-
bile during alteration and the loss of the active elements only
changes their absolute abundances, not the element ratios.
There is a linear relationship between the Hf, Nb, Ta,
TiO2, and Zr (Fig. 9), whereas Al2O3, K2O, Na2O scatter
widely, consistent with them being mobile during alteration
of the Dashui dikes. In order to quantify the effect of the al-
teration, we used the method of MacLean and Barrett (1993)
to calculate the mass changes for each mobile element. The
hypothesis that Zr was immobile during the alteration is
conﬁrmed by the calculations, as Zr did not decouple from
the other HFSE. The results demonstrate that most major
elements were either mobilized during alteration (Table 5;
Fig. 10). Alteration resulted in an increase in SiO2, which
is consistent with the siliciﬁcation observed in the Dashui
dikes. SiO2, CaO and K2O also show notable changes due
to carbonation, decarbonation, argillic alteration, and
leaching in the dikes. All the major elements of the Dashui
dikes should be used with great caution. The dike samples
are interpreted to have lost Na2O and K2O, resulting in T
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inaccurate discrimination on the alkalis-silica diagram and the
plot of molar Al2O3/(K2O+Na2O) vs Al2O3/(CaO+K2O+
Na2O) diagram (Fig. 7a, b). The positive correlation between
the Hf vs Zr, TiO2 vs Zr, Th vs Zr and Ta vs Zr indicates that
the HFSE were not mobilized during alteration (Fig. 9).
5.2. Petrogenesis of the Dashui stock and dikes
The SHRIMP U–Pb dating yielded a weighted mean
206Pb/238U age of 213.4±5.5Ma (DS52, stock), 215.1±5.1Ma
(DS20, dike), 209.9 ± 3.2Ma (DS05, dike), which are coeval
within error. We propose that the oldest age of
Figure 9. Incompatible immobile elements and selected major elements vs Zr for the Dashui granitoids. This ﬁgure is available in colour online at
wileyonlinelibrary.com/journal/gj
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215.1 ± 5.1Ma represents the best estimate of crystallization
age of the Dashui granitoids.
The Dashui stock and dikes are characterized by similar
geochemical compositions, except for the major elements,
which have been mobilized during alteration. Consequently,
the stock and the dikes are interpreted to have been derived
from the same system. Ti concentrations in the zircons can
be used to calculate crystallization temperatures using Ti-
in-zircon thermometry (TTi
zircon) (Watson et al., 2006; Gao
and Zheng, 2009). This yielded temperatures of 670–770 °
C for DS52, 631–732 °C for DS20, 621–738 °C for DS05
(Table 6). Based on the idea that the temperatures calculated
from Ti concentrations in zircons correspond to the
temperature of their host rock (Watson et al., 2006), the
low temperatures (<800 °C) indicate an afﬁnity with cold
granites and imply the addition of external ﬂuids to the
melt (Grove et al., 2006; Zhao, 2010).
The Dashui stock has compositions similar to those of
adakites (i.e. SiO2 (wt%)> 56, Al2O3 (wt%)> 15, Sr (ppm)
400, Y (ppm)< 18, Yb (ppm)< 1.9, high Sr/Y and La/Yb),
implying the existence of garnet in its source (Defant and
Drummond, 1990) (Fig. 11a, b). The enrichment of Sr and
the minor Eu anomalies suggests the absence of plagioclase
in the source. Several models have been proposed to account
for the origin of adakitic rocks, including: (1) partial melting
of the subducted oceanic crust (e.g. Defant and Drummond,
1990); (2) generation by assimilation (e.g. Macpherson
et al., 2006) or fractional crystallization from a parental
basaltic magma (e.g. Castillo et al., 1999; Castillo, 2011);
(3) partial melting of the delaminated lower crust (e.g. Kay
and Kay, 1993; Xu et al., 2006); and (4) partial melting
of the thickened lower crust (e.g. Kay and Kay, 1993;
Xu et al., 2006). The absence of coeval maﬁc rocks associ-
ated with the Dashui granitoids in the region suggests that
assimilation or fractional crystallization from a parental
basaltic magma likely did not play a signiﬁcant role in the
generation of the Dashui granitoids. The depletion of
HREE and the negative Ti anomalies (Fig. 7) suggests that
garnet or rutile played a signiﬁcant role in their genesis. If
so, the tectonic setting will be compressional, thus ruling out
the delamination model for the origin of the Dashui granitoids.
Adakites formed by partial melting of the lower continen-
tal crust in the presence of garnet have La/Yb higher than
those of slab melts (Sun et al., 2012). Meanwhile, the aver-
age value of La/Yb is about 5.3 for the lower continental
crust (Rudnick and Gao, 2003) and only about 0.8 for that
of the average MORB (Sun and McDonough, 1989). As
shown in Table 3, the La/Yb ratios of the Dashui granitoids
are relatively high, consistent with partial melting of the
lower continental crust. In addition, the εNd(t) values from
5.3 to 7.6 differ signiﬁcantly from MORB (Condie,
1989) and are not consistent with partial melting of a
subducted slab. Consequently, the Dashui porphyry granit-
oids are interpreted to have formed by partial melting of the
lower continental crust. Based on Figure 12a, the character-
istics of the Dashui porphyry granitoids are consistent with
the Indosinian granitoids in the South Qinling Belt, which
were interpreted as being derived from partial melting of
high-K (Rb) Meso-Proterozoic basaltic basement rocks
(Zhang et al., 2007). Meanwhile, the Dashui granitoids
have whole-rock εNd(t) values of 5.3 to 8.5 and Nd
model ages of 1308 to 1551Ma, which is signiﬁcantly older
than the zircon U–Pb age of ~215Ma and high initial
87Sr/86Sr ratios of 0.706 to 0.709. This phenomenon
suggests that partial melting of Meso-Proterozoic basaltic
basement rocks has made contributions to the formation of
Dashui granitoids.
5.3. Contributions of mantle components
The Mg# (57–62) for the Dashui granitoids is higher than pure
crustal partial melts, indicating their formation from a parental
mantle melt. In addition, the εHf(t) values have ranges from
6.2 to 6.7 with two-stage TDM2(Hf) ages from 743 to 1464Ma
(Fig. 6), implying both crustal and mantle contributions.
Another question to be answered is the source of external
ﬂuids in the formation of the granitoids. The samples plot to
the upper left of the mantle array, with some plotting in the
ﬁeld of global sediments (Fig. 12b), a feature rarely seen in
granitoid rocks from the continental crust (Vervoort et al.,
1999), implying contributions from substances with high
εHf(t) but low εNd(t) values. The present-day average
Table 5. Results of mass-change calculations of altered granitoids from the Dashui gold deposit
Sample
wt%
SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Total
DS05 10.14 0.06 2.36 2.30 0.01 0.81 2.30 1.86 0.27 0.00 10.15
DS20 0.89 0.20 3.41 3.21 0.05 2.81 3.64 2.54 4.17 0.04 13.64
DS34 44.94 0.10 6.29 6.19 0.05 2.78 2.94 2.47 4.13 0.04 32.80
DS560 16.39 0.05 1.24 1.19 0.06 2.80 3.45 2.52 4.16 0.07 3.57
DS570 11.07 0.11 1.60 1.49 0.03 2.76 6.78 2.51 4.13 0.05 8.70
DS571 3.43 0.06 0.84 0.78 0.03 2.64 9.11 2.52 4.10 0.05 3.42
DS60 39.64 0.09 1.36 1.27 0.06 2.81 3.67 2.51 4.15 0.01 26.64
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composition of oceanic sediments are the most appropriate
end members as they have elevated εHf(t) (εHf =+2 ± 3)
but low εNd(t) (εNd=8.9) (Chauvel et al., 2007). Previous
studies indicated that partial melting may be restricted to the
sediment layer and the basaltic oceanic crust only dehydrates
providing aqueous ﬂuids when the oceanic crust is covered
by a layer of marine sediments (e.g. Peacock et al., 2005).
Thus, in the formation of Dashui granitoids, partial melting
of oceanic sediments covering the oceanic crust was likely
important in the petrogenesis of the granitoids.
5.4. An arc setting and comparisons with syn- to
post-collisional granitoids
Negative Ti anomalies on primitive mantle-normalized dia-
grams imply that rutile may have played an important role
in the magma source (Xiong et al., 2005). On chondrite-
normalized REE diagrams, the low HREE concentrations
(generally lower than 10 ppm) of the Dashui granitoids
suggest the presence of garnet as a residual phase in the
magma source, indicating an environment of high pressure
and thus thick continental crust (Zhang et al., 2006,
Q. Zhang et al., 2008). All of the samples plot in the VAG
and syn-COLG area in the Y vs Nb diagram (Fig. 13a).
The samples clearly plot in the ﬁeld of VAG in Ta vs Yb
(Fig. 13b), suggesting an arc setting.
Syn-collisional and post-collisional granitoids are widely
distributed in collisional orogens (Guo et al., 2005). Although
large amounts of Triassic granitoids have been emplaced in
the western part of the South Qinling Orogen, the tectonic
settings of these Triassic granitoids remains controversial
(e.g. Sun et al., 2002a; Jin et al., 2005; Wang et al., 2007;
C.L. Zhang et al., 2008; Zhu et al., 2009; Chen, 2010; Wang
et al., 2011). Granitoids in the East Qinling Orogen such as
Heyu, Nannihu and Shangfanggou, which occurred during
160–120Ma, were interpreted as syn-collisional (Gsyn)
(Bao et al., 2009; Zhou, 2010; Li et al., 2012; Yang et al.,
2013) while Erlangmiao, Donggou and Laojunshan, younger
than 120Ma, and displaying features similar to A-type
granites, were interpreted as post-collisional (Gpost) (Dai
et al., 2009;Meng, 2010; Zhang et al., 2012). It would be more
convincing when a comparative analysis is made on the
geochemical differences between the Dashui granitoids and
these granitoids.
The Dashui granitoids are compared with the Gsyn and
Gpost on Figures 6, 7, 8, and 13. The most obvious difference
between the Dashui granitoids and the Gsyn is that the Gsyn
show relatively low Mg# (13–40) (calculated after data from
Bao et al., 2009; Zhou, 2010), which argues against a signiﬁ-
cant mantle contribution in their origin, while the Mg# of the
Dashui granitoids are high (57–62). The Gsyn clearly plot in
the ﬁeld of syn-COLG in the diagrams of Nb vs Y and Ta vs
Ybwhile our samples clearly plot in theﬁeld ofVAG (Fig. 13).
As granitic magmatism is limited due to increasing pressure in
the early compression stage of the continental collision (Chen
et al., 2005, 2007), so these syn-collisional granitoids perhaps
correspond to the collisional compression-to-extension transi-
tion stage of the Qinling Orogen (Li et al., 2013).
The Gpost also have lowMg# (12–43) (Calculated after data
from (Dai et al., 2009; Meng, 2010; Zhang et al., 2012)) com-
pared with the Dashui granitoids. Meanwhile, the Gpost
Table 6. Zircon trace element data of Ti and the calculated
temperatures
Spot Ti TTi
zircon (°C)
DS52-01 5.399103 689.5
DS52-02 7.411874 715.3
DS52-03 4.852859 681.2
DS52-04 6.628591 706.1
DS52-05 4.236710 670.7
DS52-06 10.489160 745.2
DS52-07 6.083272 699.1
DS52-08 14.964720 777.7
DS52-09 4.313088 672.1
DS52-10 7.163233 712.5
DS52-11 8.476162 726.6
DS52-12 13.327800 766.9
DS52-13 12.839860 763.4
DS52-14 5.275855 687.7
DS52-15 6.689948 706.8
DS52-16 9.259411 734.3
DS52-17 8.798106 729.8
DS52-18 7.066582 711.3
DS52-19 7.314538 714.2
DS52-20 6.257820 701.4
DS20-01 2.663776 636.7
DS20-02 2.710720 637.9
DS20-03 2.977060 644.6
DS20-04 3.411275 654.5
DS20-05 2.367872 628.4
DS20-06 5.159049 686.0
DS20-07 2.848052 641.4
DS20-08 4.068537 667.6
DS20-09 3.650342 659.5
DS20-10 6.578880 705.5
DS20-12 2.404792 629.5
DS20-14 3.731583 661.1
DS20-15 4.845091 681.0
DS20-16 2.828588 640.9
DS20-18 9.091365 732.7
DS20-19 2.469180 631.3
DS20-20 4.720620 679.0
DS05-01 6.443467 703.8
DS05-02 6.618352 705.9
DS05-03 4.555206 676.3
DS05-06 9.739606 738.7
DS05-08 4.968143 683.0
DS05-12 2.139360 621.4
DS05-13 3.304776 652.2
DS05-14 7.717210 718.7
DS05-18 2.569267 634.1
Zircon Ti thermometer (Watson et al., 2006).
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Figure 10. Plots of mass changes for selected elements of the altered granitoids.
Figure 11. (a) Sr/Y vs Y diagram for the Dashui granitoids; (b) (La/Yb)N vs YbN diagram for the Dashui granitoids (modiﬁed after Defant and Drummond, 1990).
This ﬁgure is available in colour online at wileyonlinelibrary.com/journal/gj
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mostly plot in the ﬁeld of WPG in Figure 13 and correspond to
an extensional environment of the Qinling Orogen.
5.5. Tectonic model and Triassic tectonic implications
As shown above, both partial melting of Meso-Proterozoic
basaltic basement rocks and oceanic sediments covering
the oceanic crust played a signiﬁcant role in the petrogenesis
of the Dashui granitoids. We propose that subduction caused
the devolatilization of the oceanic lithosphere and promoted
the partial melting of the overlying oceanic sediments
from the accretionary wedge and the metasomatized mantle
wedge. The subsequent melts interacted with the lower basaltic
basement rocks to generate the Dashui porphyry granitoids
(Fig. 14).
The ~215Ma zircon ages of the host porphyry Dashui
granitoids, together with the geochemical characteristics,
including the low Tzircon, depletion of the HREE, the Nd
isotopic compositions of the whole rock and the zircon Hf
isotopic compositions, indicate that the Dashui granitoids
represent Triassic volcanic arc magmas.
The ‘Scissor Suturing’ model proposed by some workers
is difﬁcult to prove because of multi-point contact during
ocean closure and consequently does not constrain the
tectonic settings of the Triassic granitoids in the east of the
Dashui granitoids. However, results presented here indicate
that the Triassic Qinling contemporaneously accommodates
oceanic slab subduction and intercontinental collision. In
other words, complete amalgamation of the Qinling Orogen
must be later than 215Ma.
6. CONCLUSIONS
(1) Zircon U–Pb dating of the Dashui granitoids yielded an
age of ~215Ma and can be viewed as the best estimate
for the crystallization age of the Dashui granitoids.
Figure 12. (a) (87Sr/86Sr)i vs εNd(t) diagram for the Dashui granitoids (the orig-
inal data for (a) are from Zhang et al., 2007); (b) whole-rock εNd(t) vs εHf(t) di-
agram for the Dashui granitoids (after Vervoort et al., 1999; Dobosi et al., 2003).
This ﬁgure is available in colour online at wileyonlinelibrary.com/journal/gj
Figure 13. (a) Y vs Nb diagram for the Dashui granitoids and the Gsyn and Gpost (after Pearce et al., 1984; Pearce, 1996); (b) Ta vs Yb diagram for the Dashui
granitoids and the Gsyn and Gpost (after Pearce et al., 1984; Pearce, 1996). Data for the Gsyn and Gpost are after Han et al. (2007), Bao et al. (2009), Dai et al.
(2009), Meng (2010), Zhou (2010), Zhang et al. (2012). This ﬁgure is available in colour online at wileyonlinelibrary.com/journal/gj
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(2) Geochemical evidence indicates that the Dashui porphyry
granitoids formed in a volcanic arc setting.
(3) Subduction caused the devolatilization of the oceanic lith-
osphere and promoted the partial melting of the overlying
oceanic sediments and the metasomatized mantle wedge.
The subsequent melts interacted with the lower basaltic
basement rocks to form the Dashui porphyry granitoids.
(4) Complete amalgamation of the Qinling Orogenmust have
ﬁnished after 215Ma.
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